Fabry's disease first described by Anderson (1898) and Fabry (1898) , is an X-linked disorder of lipid metabolism shown to be caused by a deficiency of ceramide trihexosidase (Brady et al., 1967) . This deficiency results in the accumulation of ceramide trihexoside in many sites and produces a varying clinical picture with severe symptoms in some patients and no symptoms in others. The commoner clinical features are the rash of angiokeratoma corporis diffusum, extremity limb pains, renal failure, hypertension, and premature cerebrovascular disorders, but none is invariably present. Gut lesions are rare. It is rarely diagnosed in childhood in the absence of a family history or rash to suggest it. We present twin boys and 6 affected relatives with Fabry's disease, without a rash but with evidence of gut pathology. We also confirm that the diagnosis may be made by thin-layer chromatographic examination of urine sediment and by studying leucocyte a-galactosidase activity.
Case Histories Twin boys of similar appearance were seen at age 10 years because of cramps in the legs for 5 years. The cramps were more frequent in hot weather and were inconstantly precipitated by exercise and pyrexia, exacerbated by the presence of the other twin, and relieved by hospitalization, and by cooling the legs. e.g. by placing them outside the bedclothes. Initially the cramps occurred every few weeks and lasted a few hours but became more frequent and more severe. Both boys had mild deafness due to secretory otitis. Stuttering tPresent address: The Radcliffe Infirmary, Oxford. and educational handicaps were present. The birthweights were 2 3 kg (D., first twin) and 1 -69 kg (A., second twin). At age 9 the IQ of D. was 76 and of A. was 58.
The twins were observed for five years and the cramps continued. No clinical or biochemical evidence was found to support diagnoses of peripheral neuropathy, hypoparathyroidism, hypokalaemia, or McArdle's syndrome, and therapy with salt, diphenhydramine, and calcium gluconate was ineffective. Though at age 8 years the weights and heights of both twins were on the 50th centile, their ranking gradually fell, and at age 14j years D., the firstborn but now the smaller, was 142 cm, and A. was 148 cm (3rd centile). developed lethargy, pallor, and pyrexia, and lost weight from 39 kg (10th centile) to 31 kg, and was admitted to hospital. For the first time the cramps were described as burning pains and were also present in the hands. Shortly after admission he began to pass two or three loose stools a day.
On examination ( Fig. la) he was pale and pyrexial (38. 5°C) and complained of frequent limb pains. His lips were somewhat thickened and parted. There was slight palmar erythema but no rash. Careful examination before and after the diagnosis was established failed to reveal any evidence of angiokeratomata. There was no sexual hair and no penial or testicular enlargement. The retinal arteries showed marked tortuosity but the conjunctival vessels were normal. Slit-lamp examination showed a slight corneal haze. The blood pressure varied between 110-135/70-90 mmHg in the right arm and 105-115/79-90 mmHg in the left arm. Tone, power, co-ordination, and sensation and deep reflexes were normal. There was no calf tenderness.
Hb was 10 g/100 ml and a film showed a slight anisocytosis. Total WBC 10,600/mm3 with 70% 26 Radiological investigations. Barium meal and followthrough showed clear evidence of dilatation and transverse barring in the jejunum with widening in the ileum (Fig. 2) . Such appearances can be seen in coeliac disease, among other conditions. Barium enema showed initially that the distal half of the transverse colon and the descending colon were empty, narrow, tubular, and devoid of haustration, appearances that indicated a segmental colitis involving the transverse and descending colon (Fig. 3) . The skeletal age measured later at a chronological age of 15a 1 years was 12-5 years (Greulich and Pyle, 1959) . This was more than 2 SD below the mean. There was absorption of the bone at the distal end of the distal phalanx of the index finger (Fig. 4) (Nelson et al., 1969) . a similar substance. A biopsy of rectal mucosa showed similar, though less marked, changes.
Urine. Microscopical examination of urinary deposits was performed in members of both families (Table) . The smear preparations were fixed in formaldehyde vapour and stained with PAS, Sudan Black, Toluidine Blue, and Luxol Fast Blue.
The spun deposits from the index patients contained numbers of cells which were coarsely granular, stained intensely with PAS, and were weakly sudanophilic.
There was no metachromasia with Toluidine Blue and no staining with Luxol Fast Blue. Examination with polarized light showed the cells to be birefringent.
Deposits from AI 6 and her family contained numerous epithelial cells, and evaluation was impossible.
Aliquots (100 ml) of 24-hour urine specimens were centrifuged, the supematant decanted, and the deposit drained. The deposit was then twice extracted with chloroform-methanol Xga blood grouping and colour vision. Xga status was determined in Pr 4 and 5, and 7-11 inclusive and in Al 4 and 6. All were Xga positive. Colour vision was tested in the same relatives and in the index patients and was normal in all (Opitz et al., 1965) .
Zygosity of twinning. The twins' mother had been told at birth that they were monozygous. Confirmation of the monozygosity was obtained by Dr. R. Sanger who found that each twin had the same status in each of 12 different blood groups. From these data and the fact that the twins were of like sex, it was calculated that the chances of dizygosity were only P = 0 * 026.
Discussion
Our patients had the same slim build and stooping posture, with thickened, often parted lips previously described. It is thought that they also had the palmar erythemata noted by Johnston, Weller, and Warland (1968) . The retinal and conjunctival vessel abnormalities, corneal haze, and limb pains are all characteristic of the condition. In our patients, interest centres principally on the presence of gut abnormalities, the absence of a rash, the urine chromatography results, and leucocyte a-galactosidase activity.
Gut abnormalities. Wise, Wallace, and Jellinek (1962) refer to diarrhoea in four patients with Fabry's disease including one of the first to be described (Gunther, 1913 (Cooke, 1968; Nelson, Vaughan, and McKay, 1969) . Weight loss in several reported patients appeared before episodes of diarrhoea.
Absence of rash. The presence of excess ceramide trihexoside, and the deficiency of ceramide trihexosidase activity have become the hallmarks of Fabry's disease, rather than any clinical features, such as the rash. As ceramide trihexoside can be detected by thin-layer chromatography of the urine, identification of patients with Fabry's disease has been rendered much more straightforward. Cases other than the present family in which there was no rash have been described, but reports of the diagnosis of Fabry's disease in children without a rash and without a family history are rare.
In adults, Jensen (1966) described the necropsy findings of Fabry's disease in four brothers who died of uraemia in their 30's. Two had no rash, another developed a rash only in the year before his death, and in the fourth the presence or absence of a rash was not stated. Hamburger et al. (1964) described a mother and son with familial nephropathy, renal biopsy changes compatible with Fabry's disease, and tortuous retinal vessels, but no rash. Kemp (1967) Fone and King (1964). Clarke et al. (1971) presented two unrelated adults with changes of Fabry's disease on renal biopsy, excess ceramide tri-and dihexoside in the urine, and deficient leucocyte a-galactosidase activity.
The above patients and the present family, all nearly or completely free from a rash, show that the diagnosis may have to be made without cutaneous evidence, though this may well appear later. Fabry's disease without a rash must be considered in the differential diagnosis of limb pains, arthritides, obscure pyrexia, and weight loss, hypertension and renal failure.
Age of onset of rash. The age of onset is of some importance to paediatricians. Wise et al. (1962) considered that, in the majority and perhaps all cases, the rash appeared before the age of 10 years, quoting two cases in which the rash appeared in infancy, and that systemic symptoms without a rash were rare. To ascertain the correlation between the age of onset of symptoms and the presence or absence of a rash at a stated age, 26 patients in whom these two ages were mentioned were collected from the literature (Curry and Fleisher, 1961; Wise et al., 1962; Fone and King, 1964; Dempsey et al., 1965; Rae, Lee, and Hopper, 1967; Johnston et al., 1968; Loeb et al., 1968) . This method is subject to obvious limitations. Of 22 patients who developed limb pains at age less than 15 years, 11 had a period of one or more years without a rash.
Limb pain without a rash is, therefore, a relatively frequent mode of presentation of Fabry's disease in the paediatric age group.
Delayed puberty. Neither of the index patients showed any evidence of puberty when examined at age 15 years, and both had the expected similar delay in bone age (2j years). Puberty was therefore abnormally late (Marshall and Tanner, 1970) . Adults with Fabry's disease are not reported as having short stature. Female carriers have no pubertal delay. Similar pubertal delay in males has been reported previously (Johnston et al., 1968) .
Clinical features in females. Of the two adult females in our study, one had limb pains from age 12 to 23 and another showed tortuous conjunctival vessels. Variable penetrance in heterozygous females has been tentatively established, and occasionally this may be complete. Burda and Winder (1967) (Philippart, Sarlieve, and Manacorda, 1969) . The normal varies somewhat, but small amounts of cerebroside, ceramide dihexoside, and trihexoside may be excreted on occasions.
Other features. The significance of the abnormal vitamin C studies remains obscure. Diminished sweating has been frequently described but our patients produced over 200 mg sweat in response to the usual pilocarpine iontophoresis test, and presumably hypohydrosis does not become manifest until a later stage.
Pathogenesis. Involvement of peripheral nerves has been shown by Kocen and Thomas (1970) . They found moderate depletion of myelinated nerves and deposits of glycolipid in perineural cells. There was no other evidence of peripheral neuropathy, and nerve conduction studies were normal. The loss of the smaller nerve fibres with sparing of the larger fibres may explain the sensory neuropathy in the presence of normal nerve action potentials.
The renal failure usually found in the later stages of the disease is probably caused by the lesions in the glomerulus (ballooning ofglomerular epithelium) and in the tubules which interfere with renal function.
Ubiquitous deposition of ceramide trihexoside in smooth muscle cells accounts for the lesions in blood vessels giving rise to the skin lesions and for the later cardiac failure. The gastrointestinal symptoms may well be related to the deposits in the ganglion cells and muscle of the intestinal wall.
In common with certain other sphingolipidoses, Fabry's disease is characterized biochemically by the accumulation of a substance which is probably derived from the degradation of erythrocyte globoside (see below). Kint (1970) has shown that leucocytes from patients with Fabry's disease are deficient in agalactosidase activity and this is confirmed in the patients presented here and by Clarke et al. (1971) .
This suggests that the terminal galactosyl residue of the ceramide trihexoside is linked through an a-galactosyl bond rather than through the ,Blinkage proposed by Sweeley, Snyder, and Griffin (1970) . In our families, intermediate levels of a-galactosidase activity were found for the obligate heterozygote females and two of the four possible heterozygote females tested.
